The first observation of (anti)deuterons in deep inelastic scattering at HERA has been made with the ZEUS detector at a centre-of-mass energy of 300-318 GeV using an integrated luminosity of 120 pb −1 . The measurement was performed in the central rapidity region for transverse momentum per unit of mass in the range 0.3 < p T /M < 0.7. The particle rates have been extracted and interpreted in terms of the coalescence model. The (anti)deuteron production yield is smaller than the (anti)proton yield by approximately three orders of magnitude, consistent with the world measurements.
Introduction
Light stable nuclei, such as deuterons (d) and tritons (t), are loosely bound states whose production mechanism in high-energy collisions is poorly understood. Most measurements of light stable nuclei have been performed for antideuterons (d) . A selection of d from primary interactions is more difficult as it requires separation of such states from particles produced by interactions of colliding beams with residual gas in the beam pipe and by secondary interactions in detector material. The first observation ofd [1] was followed by a number of experiments on antideuteron production. The production rate ofd in e + e − →collisions [2] [3] [4] [5] is significantly lower than that measured in Υ(1S) and Υ(2S) decays [2, 5] . Thed rate in e + e − →is also lower than that in proton-nucleus (pA) [6, 7] , proton-proton (pp) [8] and photon-proton (γp) collisions at HERA [9] , but higher than that in nucleus-nucleus collisions [10, 11] . For heavy-ion collisions, the coalescence model [12] was proposed to explain the production of d(d).
This paper presents the results of the first measurement of d andd in the central rapidity region of deep inelastic ep scattering (DIS). The analysis was performed for exchanged photon virtuality, Q 2 , above 1 GeV 2 .
Coalescence model for (anti)deuteron formation
According to the coalescence model [12] developed for heavy-ion collisions, the production rate of d is determined by the overlap between the wave-function of a proton (p) and a neutron (n) with the wave-function of a d. In this case, the d cross section is the product of single-particle cross sections for protons and neutrons, with a coefficient of proportionality reflecting the spatial size of the fragmentation region emitting the particles. The same approach applies ford production. This model was also used to describe d(d) production in pp [8] , γp [9] and e + e − [2, 4] interactions.
Assuming that all baryons are uncorrelated and the invariant differential cross section for neutrons is equal to that for protons, the invariant differential cross section for deuteron formation can be parameterised as
where E d(p) and σ d(p) are the energy and the production cross section of the d(p), respectively, p d (p p ) is the momentum of the d(p) and σ tot is the total ep cross section for the considered kinematic range. The coalescence parameter, B 2 , is inversely proportional to the volume of the fragmentation region emitting the particles. The same relation holds ford andp. If B 2 is the same for particles and antiparticles, then the production ratio d /d is equal to (p/p) 2 . The coalescence parameter can be obtained from
where M d(p) is the mass of the d(p),
is the ratio of the number of d to p expressed as a function of p T /M d(p) , with p T being the transverse momentum [9] .
Experimental set-up
A detailed description of the ZEUS detector can be found elsewhere [13] . A brief outline of the components that are most relevant for this analysis is given below.
Charged particles are tracked in the central tracking detector (CTD) [14] , which operates in a magnetic field of 1.43 T provided by a thin superconducting solenoid. The CTD consists of 72 cylindrical drift chamber layers, organised in nine superlayers covering the polar-angle 1 region 15
• . The transverse-momentum resolution for full-length tracks is σ(p T )/p T = 0.0058p T ⊕ 0.0065 ⊕ 0.0014/p T , with p T in GeV. To estimate the ionisation energy loss per unit length, dE/dx, of particles in the CTD [15] , the truncated mean of the anode-wire pulse heights was calculated, which removes the lowest 10% and at least the highest 30% depending on the number of saturated hits. The measured dE/dx values were corrected by normalising to the average dE/dx for tracks around the region of minimum ionisation for pions with momentum p satisfying 0.3 < p < 0.4 GeV. Henceforth, dE/dx is quoted in units of minimum ionising particles (mips). The resolution of the dE/dx measurement for full-length tracks is about 9%.
The high-resolution uranium-scintillator calorimeter (CAL) [16] consists of three parts: the forward (FCAL), the barrel (BCAL) and the rear (RCAL) calorimeters. Each part is subdivided transversely into towers and longitudinally into one electromagnetic section (EMC) and either one (in RCAL) or two (in BCAL and FCAL) hadronic sections (HAC). The smallest subdivision of the calorimeter is called a cell. The CAL energy resolutions, as measured under test-beam conditions, are σ(E)/E = 0.18/ √ E for electrons and σ(E)/E = 0.35/ √ E for hadrons, with E in GeV. A presampler [17] mounted in front of the calorimeter and a scintillator-strip detector (SRTD) [18] were used to correct the energy of the scattered electron 2 . The position of electrons scattered close to the electron beam direction is determined by the SRTD detector.
The inactive material between the interaction region and the CTD, relevant for this analysis, consists of the central beam pipe made of aluminum with 1.5 mm wall thickness and the inner diameter of 135 mm. The CTD inner wall with a diameter of 324 mm consists of two aluminum skins, each 0.7 mm thick, separated by a 8.6 mm gap filled with polyurethane foam with a nominal density of 0.05 g/cm 3 .
The luminosity was measured using the bremsstrahlung process ep → epγ with the luminosity monitor [19] , a lead-scintillator calorimeter placed in the HERA tunnel at Z = −107 m.
Monte Carlo simulation
To study the detector response, the Ariadne 4.12 Monte Carlo (MC) model [20] for the description of inclusive DIS events was used. The Ariadne program uses the Lund string model [21] for hadronisation, as implemented in Pythia 6.2 [22] [23] [24] . In its original version, this MC does not include a mechanism for the production of d or other light stable nuclei. To determine reconstruction efficiencies, a second Ariadne sample was generated in which d's were included at the generator level by combining p and n with similar momenta.
The Ariadne events were passed through a full simulation of the detector using the Geant 3.13 [25] program. The Geant simulation uses the Gheisha model [26] to simulate hadronic interactions in the material. The Geant program cannot be used for d as this particle is not included in the particle table.
5 Event sample
DIS event selection
The data sample corresponds to an integrated luminosity of 120.3 pb −1 taken between 1996 and 2000 with the ZEUS detector at HERA. This sample consists of 38.6 pb −1 of e + p data taken at a centre-of-mass energy of 300 GeV, 65.0 pb −1 taken at 318 GeV and 16.7 pb −1 of e − p data taken at 318 GeV.
The search was performed using DIS events with exchanged-photon virtuality Q 2 > 1 GeV 2 . The event selection was similar to that used in a previous ZEUS publication [27] . A three-level trigger [13] was used to select events online. At the third-level trigger, an electron with an energy greater than 4 GeV was required. Data below Q 2 ≈ 20 GeV 2 were prescaled to reduce trigger rates.
The Bjorken scaling variable, x Bj , and Q 2 were reconstructed using the electron method (denoted by the subscript e), which uses measurements of the energy and angle of the scattered electron. The scattered-electron candidate was identified from the pattern of energy deposits in the CAL [28] . In addition, the inelasticity was reconstructed using the Jacquet-Blondel method [29] , y JB , or the electron method, y e .
For the final DIS sample, the following requirements were imposed:
• the impact point of the scattered electron on the RCAL outside the (X, Y ) region (±12, ±6) cm centred on the beamline;
• E e ′ > 8.5 GeV, where E e ′ is the energy of the scattered electron measured in the CAL and corrected for energy losses;
• 35 < δ < 65 GeV, where δ = E i (1 − cos θ i ), E i is the energy of the i-th calorimeter cell, θ i is its polar angle and the sum runs over all cells;
• y e < 0.95 and y JB > 0.01;
• at least three tracks fitted to the primary vertex to ensure a good reconstruction of the primary vertex and to reduce contributions from non-ep events;
• | Z vtx |< 40 cm and X The average Q 2 of the selected sample was about 10 GeV 2 .
Track selection and the dE/dx measurement
The present analysis is based on charged tracks measured in the CTD. The tracks were required to have:
• at least 40 CTD hits, with at least 8 of them for the dE/dx measurement;
• the transverse momentum p T ≥ 0.15 GeV.
These cuts selected a region where the CTD track acceptance, as well as the resolutions in momentum and the dE/dx, were high.
To identify particles originating from ep collisions, the following additional variables were reconstructed for each track:
• the distance, ∆Z, of the Z-component of the track helix to Z vtx ;
• the distance of closest approach (DCA) of the track to the beam-spot location in the transverse plane. The beam-spot position is determined from the average primaryvertex distributions in X and Y for each data-taking period. The DCA is assigned a positive (negative) value if the beam spot lies left (right) of the particle path. Figure 1 shows the dE/dx distribution as a function of the track momentum for positive and negative tracks. The events were selected by requiring at least one track with dE/dx > 2.5 mips. To reduce the fraction of tracks coming from non-ep collisions, the tracks were required to have |∆Z| < 1 cm and |DCA| < 0.5 cm. After such a selection, clear bands corresponding to charged kaons, protons and deuterons were observed. The requirement dE/dx > 2.5 mips enhances the fraction of events with at least one particle with a mass larger than the pion mass and leads to the discontinuity near dE/dx = 2.5 mips seen in Figure 1 . The lines show the most probable energy loss calculated from the Bethe-Bloch formula [30] . The dE/dx bands for K − andp are slightly shifted with respect to the Bethe-Bloch expectations due to the geometrical structure of the CTD drift cells which leads to a different response to negative and positive tracks. Figure 2 shows the reconstructed masses, M, for different particle species. The masses were calculated from the measured track momentum and energy loss using the BetheBloch formula. The mass distributions were fitted with asymmetric 3 Gaussian functions. The relative width obtained was 11% (7%) for the left (right) part of the function.
The number of p(p) candidates in the mass region 0.7(0.6) < M < 1.5 GeV was 1.61 × 10
5
(1.66 × 10 5 ). Due to a shift in the dE/dx for negative tracks, the lower mass cut forp was at 0.6 GeV. The numbers of d andd in the mass window 1.5 < M < 2.5 GeV were 309 and 62, respectively. The number of p migrating to the d mass region was estimated to be less than 1% of the total number of d candidates. A similar estimate was obtained for antiparticles. A small number of triton candidates was observed in the mass window 2.5 < M < 3.5 GeV. However, due to low statistics, it was difficult to establish a peak inside this mass window, therefore, no conclusive statement on the origin of the tracks in the region 2.5 < M < 3.5 GeV was possible.
The observed p(p) and d(d) candidates were required to be in the central rapidity region, |y| < 0.4, and to have 0.3 < p T /M < 0.7. This determines the kinematic range used for the cross-section calculations.
Identification of particles produced in ep collisions
The observed p(p) and d(d) candidates selected after the dE/dx mass cuts can originate from secondary interactions in the inactive material between the interaction point and the central tracking detector.
In order to select p(p) and d(d) originating from ep collisions, both DCA and ∆Z cuts were removed and a statistical background subtraction based on the DCA distribution was performed. The ∆Z distributions for p(p) and d(d) after the mass cuts are shown in Figure 3 . Clear peaks at ∆Z = 0 are observed. To optimize the signal-over-background ratio for the DCA distribution, all candidates were selected using the | ∆Z |< 2(1) cm restriction for p,p (d,d). Figure 4 shows the DCA distributions for p(p) and d(d) candidates. The distributions show peaks at zero due to tracks originating from the primary vertex. The number of particles originating from primary ep collisions was determined using the side-band background subtraction. A linear fit to the DCA distribution on either side of the peak region in the range 2 <| DCA |< 4 cm was performed. Then, the expected number of background events in the signal region of | DCA |< 1.5(0.
The number of p(p) obtained after the DCA side-band background subtraction was 1.52× 10 5 (1.62 × 10 5 ). The numbers of d andd particles were 177 ± 17 and 53 ± 7, respectively. The difference in the observed numbers of p andp can be explained by different dE/dx efficiencies and the mass cuts for positive and negative tracks. Such a difference in the efficiencies for particles and antiparticles cannot explain the difference in the observed numbers of d andd. Figure 5 shows the distributions for several DIS kinematic variables: Q 2 e , x e , E e ′ and δ. In addition, rapidity (y) distributions for the selected candidates are shown. The numbers of p(p) and d(d) candidates were calculated in each bin from the DCA distributions after the side-band background subtraction. The distributions for d are consistent with those for p andp, while thed sample shows some deviations for the E e ′ variable and, consequently, for the δ variable.
Studies of background processes
The following two background sources for heavy stable charged particles were considered:
• interactions of the proton (or electron) beam with residual gas in the beam pipe, termed beam-gas interactions;
• secondary interactions of particles in inactive material between the interaction point and the central tracking detector.
Beam-gas interactions
The contribution from proton-gas interactions is significantly reduced after the ZEUS three-level trigger which requires a scattered electron in the CAL. In addition, the requirement to accept only events with more than three tracks fitted to the primary vertex significantly diminishes the contribution from both electron-gas and proton-gas events. The remaining fraction of beam-gas interactions can be assessed by studying the Z vtx distribution. Figure 6 shows that there is essentially no beam-gas background ford events. A small background for d at positive Z vtx is expected from the DIS MC generated for inclusive DIS events in which d's are solely produced by secondary interactions in the material in front of the CTD. This background is expected to have a flat DCA and, therefore, is subtracted by the procedure described in Section 5.3.
The Z vtx distributions were fitted using a Gaussian function with a first-order polynomial for the background description. The extracted Gaussian widths are fully consistent with those obtained for inclusive DIS events without the d preselection.
To further study the Z vtx distribution, a special event selection was performed for noncolliding electron and proton bunches. Since the requirement to detect an electron with energy E e ′ ≥ 8.5 GeV significantly reduces the rate of such background events, this requirement was not applied. All other tracking cuts were the same as in the d(d) selection. The requirement to accept events with at least three tracks fitted to the primary vertex rejects most of the beam-gas events (∼ 95% from the total number of the triggered events). As expected, the remaining events show clear peaks at zero for the ∆Z and DCA distributions, but the reconstructed Z vtx distribution did not show a peak at zero.
The enhancement at large Z vtx for d, which was found to be consistent with that originating from secondary interactions, could partially be due to electron-gas interactions. If one assumes that the background seen in Fig. 6 (b) is due to non-ep interactions, then the contribution from beam-gas interactions does not exceed 17% of the total number of events with a deuteron.
Secondary interactions on inactive material
A pure sample of DIS events will still contain deuterons produced by secondary interactions of particles in material. The aim of the side-band background subtraction discussed in Sect. 5.3 was to remove such a background contribution, assuming that the background processes do not create a residual peak at ∆Z = 0 and DCA = 0. Several checks of this assumption are discussed below.
The DCA and ∆Z distributions were investigated using a MC simulation of inclusive DIS events without d(d) production at the generator level. Deuterons from secondary interactions were selected as for the data. The reconstructed DCA and ∆Z for d did not show a peak at zero. A more detailed study of the DCA and ∆Z distributions was possible for p not originating from an ep collision at the MC generator level, since in this case the available MC statistics is significantly higher than for the d case. After the track-quality cuts, no peak at zero was observed in the DCA and ∆Z distributions.
If a deuteron is produced by secondary interactions of the particles from the DIS event in the surrounding matter, the secondary d will not point precisely back to the interaction point, and both DCA and ∆Z distributions will be wider than in case ofd andp. Therefore, the DCA and ∆Z distributions were fitted with double-Gaussian distributions to establish the width of the distributions. It was found that the observed deuteron DCA and ∆Z widths were consistent with the corresponding widths for p andp. 
Since the processes N + N → d + π can lead to an additional charged pion, this source of background deuterons can be studied by comparing the average charged multiplicity of tracks for d andd events. In addition, the distance of closest approach, DCA12, between the d track and other non-primary tracks in the same event should have an enhancement at zero. The study indicated that the average number of tracks for d events is smaller than that ford events. The rejection of events with |DCA12| < 2 cm did not lead to a statistically significant reduction in the number of the observed d events.
Secondary deuterons may also be produced in pickup (p + n → d) reactions by primary p(n) interacting in the surrounding material. These deuterons, peaking in the direction of the primary p(n), point approximately to the interaction point and are therefore a potentially dangerous source of background. Experimental data on the pickup reactions at the relevant energy are scarce and therefore only a rough estimate of the size of this background is possible. From the extrapolation of data on Sm 154 [31] and C [32, 33] targets using the K. Kikuchi theory [34] to allow for the change of material, the estimated d background from the pickup reaction was in the range 1 − 10% of the total number of observed d events, depending on the extrapolation input.
The angular distributions of d from pickup reactions have also been investigated in several experiments [32, 35, 36] for various targets and for a range of p/M similar to the present analysis. In all cases, the angular distribution of d observed in these experiments would lead to a much wider DCA than that shown in Figure 4 (b).
Detector corrections
In this analysis, all measurements are based on event ratios, therefore, the detector corrections due to DIS event selection and trigger efficiency were found to be small and thus are not discussed here. The detector corrections for the tracking efficiency and the efficiency of the dE/dx cuts are described below.
Tracking efficiency
The efficiency due to the track reconstruction, ε, was estimated separately for p (p) and d using the Ariadne MC model (with d included at the generator level). The obtained efficiencies are about 0.95 for p and d and 0.90 forp.
The method cannot be applied tod which are not treated in the Geant simulation. Therefore, the tracking efficiency ford was modelled as ε(d) = ε(d)ε(p)/ε(p). In the expression above, the hit reconstruction efficiency is described by the first term, ε(d), while the absorption loss (including annihilation) ofd andp are assumed to be similar. This modelling assumes that the cross sections of annihilation in the detector material are the same ford andp, since the inelastic nuclear cross section ofp is much larger than that ofn for the momentum region less than 0.4 GeV [37] . The use of the geometrical model discussed in [11, 37] and the model in which thep andn inelastic absorption cross sections are added linearly [4, 37] to obtain the inelastic nuclear cross section ofd, reduces ε(d) by 1% and 5%, respectively.
Efficiency of the dE/dx cuts
Another important contribution to the efficiency comes from the dE/dx threshold cuts and the mass cuts. The inefficiency due to the dE/dx requirements were estimated separately for positive and negative tracks using Λ → pπ (+c.c.) decays. In this approach, protons were identified from the Λ peak and then the proton dE/dx selection efficiency was reconstructed as the ratio of the events without and with the dE/dx requirement. These efficiencies were determined as a function of p/M. The efficiency for each p T /M bin was corrected by reweighting the p/M distributions using Ariadne. The average efficiency of the dE/dx cuts for d(d) is 0.7 for p T /M < 0.5. For larger momenta, the efficiency decreases due to the dE/dx > 2.5 mips cut. The signal extraction is not possible for p T /M > 0.7 due to a very small efficiency. For the low-momentum region p T /M < 0.5, the efficiencies for negative tracks tend to be larger than for positive tracks. The dE/dx efficiency for p(p) is higher by 15% than that for d(d).
Alternatively, the overall tracking and the dE/dx efficiency was calculated using the Ariadne MC model; consistent results with the approach discussed above were found.
Systematic uncertainties
The systematic uncertainties were evaluated by changing the selection and the analysis procedure. Only the largest contribution of each cut variation for the final invariant cross section is given below. The following sources of systematic uncertainties were studied:
• efficiency of the track reconstruction and selection. The systematic uncertainty on the tracking efficiency for p,p, d was ±2%. This systematic uncertainty was found after variations of the track-quality cuts. Ford, the systematic uncertainty, ±5%, includes both the effect of track-quality-cut variations and the reduction in ε(d) when the linear model for thed absorption was used (see Section 7.1);
• efficiency due to the dE/dx selection. This systematic uncertainty was estimated by varying the cut dE/dx > 2.5 mips within the dE/dx resolution and by using the MC simulation. This systematic uncertainty was ±5%. For the lowest p T /M bin, the uncertainty was ±10%;
• variations in the particle yields associated with the signal extraction:
-the number of d(d) were reconstructed using a Gaussian fit to the DCA distribution with a first-order polynomial for the background description;
-the region used to determine the background for the side-band background subtraction was reduced to 1.5 <| DCA |< 3.5 cm;
-the DCA cut for the side-band background subtraction was varied within its resolution of ±0.1 cm;
-for the side-band background subtraction, the background shape was taken from the MC (without d at the generator level);
-the cut on ∆Z was varied by ±0.2 cm;
These variations lowered the production yields by 5.0% for p, 2.2% forp, 26.0% for d and 6.1% ford. The largest effect originates from the conservative treatment of the shape of the DCA background. The upper systematic error was below 1% for p,p andd, and 11% for d.
• the background contribution under the Z vtx peak for d events was assumed to be due to beam-gas interactions and, therefore, it was subtracted (−4% contribution for p,p, d and −17% contribution for d);
• the correction for Λ decays applied for the p(p) sample was changed by ±10% (see Section 9.1). The size of this uncertainty, which is similar to that in other publications [4, 9] , was determined by the uncertainty on the strangeness suppression factor in the Ariadne model;
• variations of the DIS-selection cuts. The cut on the energy of the scattered electron was increased to 10 GeV, and the lower cut on the δ distribution was tightened to 40 GeV. The cut on Z vtx was varied by ±5 cm. The cut on the number of primary tracks was increased from three to four. These variations led to changes of The overall systematic uncertainty was determined by adding the above uncertainties in quadrature. The largest experimental uncertainty was due to the uncertainties on the tracking efficiency and the signal extraction.
Results

Production cross sections and B 2
For each particle type i, the invariant differential cross section can be calculated from the rapidity range ∆y and the transverse momentum p T,i of a corresponding particle through
where the subscript i denotes a p(p) or a d(d), N i is the particle yield in each p T,i /M i bin after the correction for the tracking efficiencies and the particle selection and N DIS = 2.59 × 10 7 is the number of DIS events used in the analysis. For the present measurement, ∆y = 0.8 and ∆(p T,i /M i ) = 0.1 are the bin sizes. For comparisons with other experiments, the p(p) rate was corrected for the decay products of Λ. A correction factor of 0.79 was estimated from the Ariadne simulation which gives an adequate description of K 0 S and Λ production [38] .
The invariant differential cross sections as a function of p T /M for p(p) and d(d) are shown in Fig. 7 and given in Tables 1 and 2 . The d(d) invariant cross section is smaller by approximately three orders of magnitude than that of p(p). These cross sections were used to extract the coalescence parameter B 2 as discussed in Section 2. The parameter B 2 is shown in Fig. 8 and listed in Tables 3 and 4 . For d, B 2 tends to be higher than for d, especially at low p T /M. The value of B 2 ford is in agreement with the measurements in photoproduction [9] , but larger than that observed in e + e − annihilation at the Z resonance [4] . The measured B 2 is also significantly larger than that observed in heavyion collisions [11] .
The events containing at least one p(p) or d(d) were analysed in the Breit frame [39] . The number of events with p(p) in the current region of the Breit frame was about 2.5% of the total number of observed events with p(p). In this region, neither d nord was found. Since the current region of the Breit frame is analogous to a single hemisphere of e + e − , the observation of d(d) reported in this paper is not in contradiction with the lowd rate observed in e + e − [2-4].
Production ratios
The detector-corrected d/p andd/p ratios as a function of p T /M are shown in Fig. 9 (a) and listed in Tables 3 and 4 . For the antiparticle ratio, there is a good agreement with the H1 published data for photoproduction [9] , as well as with pp data [8] . A similard/p ratio was also observed in hadronic Υ(1S) and Υ(2S) decays [2] .
Thed/d andp/p ratios as a function of p T /M are shown in Fig. 9 (b) and listed in Table 5 . Thep/p ratio is consistent with unity, as expected from hadronisation of quark and gluon jets. The dominant uncertainty on the ratio is due to systematic effects associated with the track selection and reconstruction.
The production rate of d is higher than that ofd, especially at low p T . Under the assumption that secondary interactions do not produce an enhancement at DCA = 0 for the d case, the result would indicate that the relation betweend/d and (p/p) 2 expected from the coalescence model does not hold in the central fragmentation region of ep DIS collisions.
For collisions involving incoming baryon beams, there are several models [40, 41] that predict baryon-antibaryon production asymmetry in the central rapidity region. A p −p asymmetry in proton-induced reactions is predicted to be as high as 7% [41] . Given the experimental uncertainty, this measurement is not sensitive to the expected small p −p asymmetry.
In heavy-ion collisions, thed to d production ratio is expected to be smaller than unity [42] . A recent measurement at RHIC [11] indicated a lower production rate ofd compared to that of d. The average value of the ratiod/d = 0.47 ± 0.03 was compatible with the square of thep/p = 0.73 ± 0.01 ratio. Assuming the same size of the production volume for baryons and antibaryons, this RHIC result is consistent with the coalescence model. A similar conclusion was obtained earlier in fixed-target pp [8] and pA [7] experiments. For e + e − collisions, the d yield is compatible with that ofd within the large uncertainties [4, 5] .
Summary
The first observation of d(d) in ep collisions in the DIS regime at HERA is presented. The production rate of d(d) is smaller than that for p(p) by three orders of magnitude, which is in broad agreement with other experiments.
The production of d(d) was studied in terms of the coalescence model. The coalescence parameter is in agreement with the measurements in photoproduction at HERA. However, it is larger than that measured in e + e − annihilation at the Z resonance.
The production rate of p is consistent with that ofp in the kinematic range 0.3 < p T /M < 0.7. Due to significant uncertainties, it is not possible to test models that predict a small baryon-antibaryon asymmetry in the central fragmentation region.
For the same kinematic region, the production rate of d is higher than that ford. If the observed d are solely attributed to deuterons produced in primary ep collisions, the results would indicate that the coalescence model with the same source volume for d and d cannot fully explain the production of d(d) in DIS. 
